Penile erection at the time of urological surgery is a rare but problematic event which can delay, complicate or even lead to the cancellation of planned surgery. Erection may occur irrespective of the type of anesthetic method employed. Several techniques for treatment of this troublesome complication have been described in the literature, all with varying levels of success and potential adverse effects. In our experience over the last 25 years, we have found that intracavernous injection of ephedrine into the penis has a 100% success rate in safely producing detumescence with minimum side effects and should therefore be considered early among the treatment options for this condition.
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Penile erection at the time of urological surgery is a rare but problematic event which can delay, complicate or even lead to the cancellation of planned surgery. Erection may occur irrespective of the type of anesthetic method employed. Several techniques for treatment of this troublesome complication have been described in the literature, all with varying levels of success and potential adverse effects. In our experience over the last 25 years, we have found that intracavernous injection of ephedrine into the penis has a 100% success rate in safely producing detumescence with minimum side effects and should therefore be considered early among the treatment options for this condition. 
Introduction
Penile erection, or tumescence, is a rare but troublesome complication of endoscopic urological surgery, most commonly occurring following local stimulation of the penis during skin preparation or introducing the cystoscope or resectoscope [1] . The reported incidence is between 0.1 and 2.4% [1, 2] and will lead to delay in the surgical procedure or possibly cancellation of the surgery, or delay of other planned surgery. In rare cases the tumescence can prevent the surgeon from safely reaching the prostate or bladder. Although extra-long resectoscope sheaths are manufactured, they are rarely available in practice. Furthermore, transurethral surgery during penile tumescence may be associated with a greater risk of complications such as bleeding and stricture formation [3] . Surgery in such circumstances has medico-legal implications.
Erection -The Process/Control
The penis is innervated by both autonomic and somatic nerves. Penile blood vessels and corpus cavernosum smooth muscle receive rich adrenergic innervation via the sympathetic pathways originating from T10 to L2 before passing through the white rami to the sympathetic chain. Tonic activation of alpha-adrenoceptors in the penile vasculature and smooth muscle of the corpus cavernosum initiate the cascade which results in elevation of intracellular calcium levels and thus smooth muscle contraction and maintenance of the penis in the flaccid state [4] . The endothelin vasoconstrictors, synthesized and released locally from the endothelium, contribute to maintenance of smooth muscle contractility [5, 6] .
Hence, alpha-adrenoceptors play a critical role in initiating and maintaining penile flaccidity. Indeed, systemic administration of alpha-adrenoceptor antagonists is known to facilitate penile erection or priapism [7] [8] [9] .
The parasympathetic pathways supplying the penis arise from S2 to S4. The pre-ganglionic fibres pass to the pelvic plexus where they are joined by sympathetic fibres from the superior hypogastric plexus. The cavernous nerves are branches of the pelvic plexus which innervate the penis.
Parasympathetically mediated stimulation of the pelvic plexus and cavernous nerves results in a fall in free cytosolic calcium levels, and inflow of blood to the penis, with nitric oxide considered to have a central role in this process. The fall in free cytosolic calcium levels, coupled with compression/occlusion of venous outflow, is responsible for achieving and maintaining erection. Arterial flow also increases in the corpus spongiosum and glans but the pressure inside these areas of the penis only reaches about one third to a half that of the pressure within the cavernosa because the thin tunical covering of these regions only allows minimal venous occlusion
Hence, sacral parasympathetic input is responsible for tumescence and thoracolumbar sympathetic pathways are responsible for detumescence [4] .
Erection can be induced either psychogenically, centrally initiated from the brain via the spinal cord, or reflexogenically. Reflexogenic erection is produced by tactile stimulation to the genitalia. The impulses pass to the spinal erection centres, some following the ascending tracts thereby resulting in sensory perception, but others activate the autonomic nuclei and induce erection through stimulation of the cavernous nerves.
Reflexogenic erection is preserved in 95% of patients who have complete upper cord lesions, whereas only 25% of those who have complete lower cord lesions can achieve an erection [4] , demonstrating that intact sacral parasympathetic neurons are important in the preservation of reflexogenic erection.
Interestingly males with a sacral spinal cord injury may retain the ability to induce a psychogenic erection even though the ability to induce a refloxogenic erection is abolished; that said, these erections tend to be suboptimal in that, despite penile swelling, insufficient rigidity is observed [4] .
Erection under Anesthesia
The exact mechanism of erection at the time of surgery is unclear. As discussed, variations in tone of the smooth muscles of the corpus cavernosum are controlled by the autonomic nervous system. Sympathetic output from the low thoracic and higher lumbar spinal segments may be lost during regional or general anaesthesia. Local stimulation of the penis at the time of surgery would appear to activate sacral parasympathetic pathways and thereby instigate an unopposed reflex response via an autonomic imbalance [10] . Indeed, erections have been reported more commonly with blocks reaching higher than T8 and rarely with those lower than T12 [11] . However, this simple imbalance between autonomic input is undoubtedly an over simplification of the mechanism responsible for penile erection under anaesthesia as many other non -adrenergic, non-cholinergic and local transmitters are involved, and this may go some way to explain why the condition is not seen more commonly [12] .
Penile tumescence at the time of surgery has been described irrespective of the type of anesthetic technique used. The overall incidence under anesthesia has been reported as being between 0.1 and 2.4% with predominance for younger males [1, 2, 10]. With an incidence of 0.34% for general anesthesia (GA), 1.72% for epidural and 0.11% for spinal in one paper [10] and 3.5% GA, 3.8% epidural and 0.3% for spinals in another [1], it would appear that the type of anesthetic technique may have an impact on how frequently this complication is observed.
The reason for an increased occurrence of erection under GA and epidural anaesthesia, when compared to spinal anaesthesia, is unclear. Furthermore, depth of GA does not appear to have any impact of the incidence [1], and deepening anesthesia is not an effective treatment when erection has occurred.
It is suggested that penile erection under GA is both psychogenic and refloxogenic in its mode of stimulation [13] . With the psychogenic stimulation arising from heighted sensory input or dreams under anesthesia [14] and the reflexogenic stumuli arising, as previously described, from sacral root afferents stimulated by washing, touching and instrumentation of the genital area.
Some medications have been implicated in a higher incidence of penile erection under GA. Indeed, probably the two most commonly used drugs for induction of anesthesia, namely fentanyl and propofol, have both been proposed to cause a higher incidence of erection under GA [15] [16] [17] .
Treatments
There are several physical techniques described for management of this condition, each with varying levels of success. Reduction of sensory input to the penis Curr Urol 2016;10:113-117
The Management of Unplanned Erection during Endoscopic Urological Surgery 115 through the use of ethyl chloride or dorsal nerve block has been described as methods for avoiding intraoperative erection [18, 19] . Furthermore, dorsal nerve block has also been described as a treatment for established penile erection, with interruption of the sacral reflex arc through blockade of the afferents to the spinal cord proposed as the mechanism of action [11] .
Many pharmacological treatments for intraoperative penile erection have also been suggested. These include intracavernous injection of phenylephrine, noradrenaline, adrenaline and metaraminol [20] [21] [22] [23] ; alternatively intravenous injection of ketamine [15, [24] [25] [26] [27] [28] , glycopyrrolate [29] , terbutaline [13, 19] and dexmedetomidine [10] has been suggested. Even bronchial administration of salbutamol has been reported as having some level of success in treating this condition [16] . Worryingly, adverse events and even death have been described following some of these treatments especially following administration of the more powerful vasoactive agents [2, 30] .
The fact that so many agents and techniques have been suggested in the literature demonstrates that no single method of treating this problematic situation is fully effective or without side effects. Intracavernous injection of vasoactive agents may cause local effects such as pain, hematoma, infection and fibrosis [13, 16] , but more worryingly, they may lead to systemic uptake, and have induced hypertensive crisis, pulmonary edema and have even resulted in mortality [2, 30, 31] .
Intravenous ketamine has been a popular choice for management of this condition but one major disadvantage of this treatment is the time to achieve flaccidity, which may take 90 minutes to 2 hours [25, 26] . The patient may also suffer all the other side effects associated with ketamine usage including hallucinations and unpleasant dreams.
Intravenous terbutaline should be used with caution due to the risk of tachycardia, pulmonary edema and hypokalemia associated with use of this drug [32] . More recently, intravenous dexmedetomidine has been suggested as a treatment in this situation, demonstrating detumescence in 83%. A statistically significant reduction in heart rates and systolic blood pressure was associated with its use; however no corrective treatment was required/utilised in the sample [10] .
Ephedrine Injection
In our experience the technique of choice is now intracavernosal injection of ephedrine. We have progressed from initially using intracavernosal phenylephrine [33] to intracavernosal injection of ephedrine [34, 35] . Over the last 25 years we have found this technique to be routinely successful in treating this condition and, with the exception of minor bruising of the penis, have experienced no adverse outcomes for patients. There are obvious advantages of using an agent which is familiar to those working in the theater environment. Ephedrine is frequently used for cardiovascular manipulation by most anesthetists and it is routinely immediately available in a form that does not require potentially error-prone dilution.
Technique
In most circumstances the endoscope should be removed from the urethra. Ephedrine, 30 mg in 1 ml solution, is drawn up undiluted in a 1 ml syringe before attaching a 23G (orange) needle. Half (0.5 ml) of the solution is injected into one of the cavernosal bodies. The drug is then massaged throughout the penis. We recommend firm pressure over the injection site to reduce, and usually avoid, penile bruising. It is unusual to need the remainder of the drug but it can be injected, preferably at another penile site, if erection persists or recurs. The action is rapid and detumescence is achieved almost immediately.
Clearly, injection of this sympathomimetic amine could be associated with adverse effects, the most obvious being a rise in systemic blood pressure. Consequently, agreement must be sought from the anesthetist prior to intracavernosal injection of ephedrine.
In common with the administration of any medication, prior to injection one must consider the patient's current health status, their co-morbidities, and which other drugs have recently been administered, in order to minimize the chance of an adverse effect. Furthermore, following intracavernosal injection the patient should be closely monitored, including frequent blood pressure measurements, for at least the following hour. All necessary agents to deal with any hypertensive episode or arrhythmia should also be immediately available to the anesthetist; however, such agents should always be routinely available wherever an anesthetic is being undertaken.
Summary
Intraoperative penile erection at the time of urological surgery is a rare but problematic complication which can delay or even lead to the cancellation of surgery. We believe that intracavernosal injection of ephedrine should be considered early amongst the published list of potential treatments of this troublesome complication. In our experience, over the last 25 years, we have found this agent to be both safe and effective. There are obvious advantages of using an agent which is familiar to those working in the theater environment. The drug is frequently used for cardiovascular manipulation by most anesthetists and it is routinely immediately available in a form that does not require potentially error-prone dilution. 
